The Drosophila Notch gene and its ligands, Delta and Serrate, are involved in cell fate determination in a variety of developing tissues. Recently, several Notch, Delta and Serrate homologues have been identified in vertebrates. We report here the cloning of the human and murine JAGGED2 (JAG2), a Serrate-like gene, and the analysis of its expression pattern during embryogenesis. Jag2 was found to be expressed as early as E9 in the surface ectoderm of the branchial arches and in the apical ectodermal ridge (AER) of the developing limb. At E12.5, Jag2 expression is upregulated in differentiated neurons of the central and peripheral nervous system and in the inner neuroblastic layer of the developing retina. Outside the nervous system, Jag2 is expressed in the developing vibrissae follicles, tooth buds, thymus, submandibular gland and stomach. Our findings suggest the involvement of Jagged2 in the development of the mammalian limb, branchial arches, central and peripheral nervous systems and several tissues whose development depends upon epithelial-mesenchymal interactions.
The Notch signalling pathway is involved in cell fate determination in a variety of developing tissues in both invertebrates and vertebrates (Artavanis-Tsakonas et al., 1995; Nye and Kopan, 1995) . In Drosophila, the Notch transmembrane protein is thought to function as a receptor for members of the DSL (Delta, Serrate and Lag-2) family of ligands. One of these, Serrate, is a cell surface molecule implicated in dorso-ventral patterning of the insect wing (Fleming et al., 1990; Thomas et al., 1991; Diaz-Benjumea and Cohen, 1995) . Recently, two vertebrate homologues of Serrate have been identified and named Jagged1 and Jagged2 (Lindsell et al., 1995; Myat et al., 1996; Shawber et al., 1996) . Human JAGGED1 is involved in a developmental disorder called Alagille syndrome (Li et al., 1997; Oda et al., 1997) .
We previously reported a partial human cDNA, DRES30, highly homologous to the Drosophila Serrate gene (Banfi et al., 1996) . We used DRES30 as a probe to isolate additional human and murine cDNAs. The predicted human protein shares features of other Notch ligands such as an N-terminal signal peptide, a DSL domain, 16 EGF-like repeats, a transmembrane domain and a cytoplasmic region. Sequence analysis reveals 38.5% of amino acid identity with the Drosophila Serrate protein, 57.8% with the human JAG1 protein and 89% with the rat Jagged2 protein.
As early as E9, murine Jag2 is expressed in the apical ectodermal ridge (AER) of the developing limb and in the surface ectoderm of the first branchial arch (Fig. 1A) . At E10.5, Jag2 expression broadens to include the surface ectoderm of the first three branchial arches and of the medial and lateral nasal processes (Fig. 1B) . Ectodermal expression is maintained throughout all ages examined (Fig. 1C) . These data are consistent with recent findings that some of the mechanisms leading to limb formation in insects and vertebrates have been preserved (Laufer et al., 1997; Panin et al., 1997; Rodriguez-Esteban et al., 1997) and provide additional evidence that analogous mechanisms are operating in the growth and patterning of both limbs and branchial arches (Wall and Hogan, 1995) .
At E12.5, Jag2 is upregulated in the central and peripheral nervous systems. Within the CNS, Jag2 expression is restricted to differentiated neurons, including post-mitotic neurons in the mantle layer of the cerebral cortex and of the mesencephalon, and mitral cells of the olfactory bulb (Fig.  1D,E) . Jag2 expression is also detectable at the midbrainhindbrain junction, a signalling centre important for the establishment of midbrain patterning and polarity (Lumsden and Krumlauf, 1996) (Fig. 1D) . We also found Jag2 expression in the inner neuroblastic cell layer of the retinal neuroepithelium (Fig. 1F,G) . These data, together with previous findings on the function of Notch genes and their ligands in the chick and rat eye (Austin et al., 1995; Bao and Cepko, 1997) , highlight the role of the Notch network in cell type specification in the retina. In the spinal cord, Jag2 is upregulated in differentiating motor neurons within the ventral Fig. 2 . Sagittal sections reveal Jag2 expression in (A,B) the epidermally-derived hair shaft (hs) and root sheaths (rs) of vibrissae follicles, (C) the dental epithelium (de) at E16.5, (D) the tooth germ (tg) and the thymus (th) at E12.5, (E) the submandibular gland (sg) and (F) the stomach (st) at E16.5. Additional abbreviation: dp, dental papilla. horns (Fig. 1H) . Notably, this expression pattern is complementary to that of Jagged1, which has been shown to be expressed in ventricular neurons and to be downregulated upon motor neuron differentiation (Lindsell et al., 1995) . Within the PNS, Jag2 is expressed in the olfactory epithelium and in sensory neurons of cranial and dorsal root ganglia (Fig. 1H,I ).
Analysis of Jag2 expression in later development suggests its involvement in cell fate specification of a variety of tissues and organs that depend on epithelial-mesenchymal interactions. In fact, Jag2 expression was found in the developing vibrissae follicles, tooth buds, thymus, submandibular gland and stomach ( Fig. 2A-F) . In both tooth and whisker development, an ectodermally-derived epithelium interacts with neural crest-derived mesenchyme from the first branchial arch (Kratochwill et al., 1996; Mitsiadis et al., 1997; Stock et al., 1997) . In each case, Jag2 is expressed in the invaginating epithelium, which embraces a characteristic mesenchymal papilla ( Fig. 2A-C) . In the thymus, the interaction between developing thymocytes and thymic epithelial cells promotes the survival of thymocytes and directs their lineage choice. NotchI has been shown to be important in these processes (Robey et al., 1996; Washburn et al., 1997) . The finding of Jag2 in the thymus strongly supports its participation in T-cell fate determination as a ligand of NotchI.
Human heart and murine total embryo (E11.5) cDNA libraries (Clontech) were screened using standard conditions (Sambrook et al., 1989) . A 4636 bp human cDNA encoding a 1223 amino acid protein was assembled (GenBank Y14330). By homology with known Notch ligands, we predict that we are missing a few amino acids of the Nterminal signal peptide. However, repetitive screening of human cDNA libraries did not yield any clone extending further 5′.
In situ hybridization experiments on whole-mount embryos and tissue sections were performed as previously described (Riddle et al., 1993; Rugarli et al., 1993) . Clone S2 (GenBank Y14495) was used as template for the digoxygenin-labelled RNA probes, while clone MB16 (GenBank Y14331) was used for transcription of [ 
